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7.1 Sustainable development and the challenge of ecology 

We certainly know enough now about ecology, and we are clever enough 
about the workings of the world to know the sorts of changes we need to 
make in order to create a more ecologically sound and sustainable way of 
life. We have known for some time that humans, like all life forms, extract 
resources from our environment and return wastes. If we take faster than 
the Earth can give and/or leave more than the earth can process, the balance 
of nature teeters and our lives become more difficult and less stable. 

For development to be ecologically sustainable, knowledge gained from 
careful study of the impact of human activities on the health and functioning 
of ecosystems must be fed back into the development process and used to adjust 
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those activities. The capacity to learn and adapt is the starting point for sustain- 
«**? able development. Sustainable development requires a change in the relation- 
ship between human beings and the biosphere, a change from a relationship of 
parasitism to one of symbiosis. In a parasitic relationship, one party prospers 
at the expense of the other; in a symbiotic relationship, each enhances the other s 
capacity to thrive. To consciously design our communities, industries, and ways 
of life so as to benefit the natural world should be the highest goal of sustainable 
development. Short of that, we can at least try to do less harm. 

Ecology might be the most politically challenging of the sciences, because 
its discoveries suggest that contemporary modes of human Uving ^cannot 
survive long into the future. Ecology also gives us the basic tools with which 
to consciously redesign our ways of life to disrupt the earth s natural _ cycles 
far less than we do today. However, the lessons from ecology fly in the face 
of the institutions and practices that maintain an economic system driven 
by commoditization. While commoditization virtually demands that more 
and more of the Earth's resources be wrenched from their tangle of coevolved 
ecological relations, ecology shows how this may lead to long-term losses 
in ecosystem productivity and eventually in ecosystem collapse We may 
never fully grasp how utterly dependent we are on healthy ecosystems unh 
they start to unravel. This lesson has not been lost on people in the Sahel 
and other places where the basic structures and functions of ecosystems have 
been destroyed. The problem of commoditization must be addressed or all 
the well-intentioned efforts to make modern economies more sustainable 
and environmentally benign will inevitably fail. 

7.2 Ecological principles and economic implications 

As long as we rely on market-based decisions to determine how we allocate 
the vast majority of our rime, attention, and resources, then the commoditi- 
zation forces I have described will accelerate and will overwhelm efforts to 
build a sustainable world. In the end, our environmental fate will be deter- 
mined by how successful we are in developing policies that provide coun- 
terbalancing pressures to commoditization. Decommoditization by defini- 
tion leads to less economic growth, even economic contraction^ Richard 
Douthwaite, Herman Daly, and others have convincingly argued that we 
need to move beyond growth to a steady state economy. 1 

The principles most relevant to an ecological understand^ of econom- 
ics are also those upon which a "sustainable" economy could be built. The 
s/^ remainder of this chapter will present each of these principles in general 

terms the implications for environment and society, and how commoditiza- 
tion distorts economic behavior so as to place modern human societies out 
of sync with these principles: 

1. Economic systems are subsets of ecological systems: The principle of 
ecosystem primacy. 
Implication: Ecological considerations should trump economic ones. 
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2. Energy is the primary natural resource: The principles of entropy and 

conservation. , 
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reckoning with the rules of ecological carrying capacity. An ecosystem's 
capacity to support, or carry, a given population of animal or plant is limited 
by available resources and the complex dynamics of ecosystem balance. 
, Human intelligence and creativity have made it possible to utilize a far wider 
range of resources, and to obtain resources from above and beneath the land 
and oceans. Through our tremendous advances in transportation we have 
learned how to draw materials and energy from hinterlands far distant from 
our concentrated settlements, our cities. Our ingenuity makes it possible to 
find new sources of raw materials, to make synthetic substitutes when nature 

N > 'grows stingy, to continually get more out of lower quality raw materials and 
[energy as the higher quality sources are depleted. 2 

Humans not only place demands on the environment through our place 
at the top of the food chain, but also have created an immense economic 
organism with its own highly organized process of appropriating mate- 
rials (or nutrients) and secreting wastes, in effect an economic metabolism. 
When we begin to think of the human economy as an organism whose 
metabolism places demands on its environment we can no longer avoid the 
\ implications of ecological limits. Probably one of the most compelling 
shifts of perspective was when Herman Daly placed the familiar box 
diagram and model of the economy inside a larger box representing the 
Natural World (Figure 7.1). According to Daly, the old model illustrated 
a belief "that the economy is an isolated system in which exchange value 
circulates between firms and households. Nothing enters from the envi- 
ronment, nothing exits to the environment.... For all practical purposes, 
an isolated system [that] has no environment." 3 

When you look at Daly's illustration, three things stand out as obvious. 
First, the Natural World is the source of all materials for the economy (Daly 
and other ecological economists like to call this Natural Capital). Second, all 
the waste products of the economy are returned to Nature (in degraded 
condition). Third, the economy can only grow so large before it begins to fill 

[_ all the available natural space. William Rees summarizes it neatly: "The 
material economy is an integrated, completely contained and wholly depen- 
dent growing subsystem of a non-growing ecosphere." 4 

Rees of the University of British Columbia and Ma this Wackernagel at 
Universidad Anahuac de Xalapa in Mexico have created a tool, ecological 
footprint analyses, that takes the notion of carrying capacity and makes it 
meaningful to the human economy in a compelling way. As we noted previ- 
ously, industrialized and urbanized societies have so far been able to postpone 
a reckoning with the implications of limits to carrying capacity by being able 
to import resources and export wastes from distances far removed from their 
immediate settlements. This has been facilitated by tremendous advances in 
packaging and transport associated with commoditization. Rees and Wack- 
ernagel's ecological footprint analysis measures for any given population the 
area of land and water required to service that population's economic metab- 
olism, i.e., produce the resources consumed and assimilate the waste pro- 
duced by that population. Different analysts have used a somewhat different 
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Figure 7.1 Commoditization accelerates the growth of the economic subsystem. It 
selects those goods and services with high embodied material and energy throughput 
(both energy and material input and waste energy and pollution output). (Adapted 
from Daly, H., Steady State Economics, W. H. Freeman, San Francisco, 1977.) 

approach to adding up the size of the footprint depending on what variables 
are considered, but all show that a typical wealthy urban area in the indus- 
trialized North impacts and degrades a far greater area of forest, agricultural 
land, ocean, lake and wetland than the area of land they actually occupy, 
around 300 to over 1,000 times greater. 5 The International Institute for Envi- 
ronment and Development, for example, studied the ecological footprint of 
the city of London and demonstrated that the amount of the Earth's surface 
required to maintain the city's economic metabolism was equivalent to the 
entire area of all of England. 6 -, 

Rees estimates that "with prevailing technologies and average con- ' ofty* 
sumption levels, the present world population exceeds global carrying Q 
capacity by up to one third." 7 Since the wealthiest 20% of the world's ^ 
population presently consumes 80% of the world's resources, it is difficult '-'£* 
to avoid the conclusion that the wealthiest of the Earth's people have 
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j already appropriated more than the available carrying capacity of the 
Vr* planet, leaving virtually nothing to the remaining vast majority of the 
; ' Earth's population. Others have calculated that from 40 to 50% of all the 
biological productivity is presently transformed or degraded by human 
activity. This figure shocked the world of environmental science when it 
was first published in BioScience in 1986. 8 More recently, Peter Vitousek and 
[colleagues have summarized global signals that the impacts of human 
activities have begun to significantly alter several of the Earth's key ecolog- 
ical indicators, 9 including the following: 



• 20% increase in atmospheric C0 2 concentration related to human 
activities 

• 50% of all the accessible fresh surface water is being used 

• Humans are responsible for over 50% of all terrestrial nitrogen fixation 

• 20% of all current plant species in Canada are invaders from else- 
where, with similar percentages likely in other parts of the world 

• 20% of all bird species on Earth are now extinct, mostly as a conse- 
quence of human activities 

• 60% of major marine fisheries are considered fully exploited, over- 
exploited or depleted 

Herman Daly described the difference between what he called empty 
world economics and full world economics. This distinction and its social 
and political implications lie at the core of the challenge that ecological 
economics presents to mainstream economists. In a full or nearly full world, 
as ours apparently is, the dangers of continuing on a path of unfettered 
economic growth are enormous. As we approach these environmental limits 
to economic growth the associated costs increase. These environmental costs 
are largely ignored by our conventional economic accounts such as GNP. 
Given this, Daly suggests we may be entering, or have already entered, a 
period of "antieconomic growth" in which the actual costs of growth out- 
weigh the benefits. 

The only way to reduce or stabilize economic growth while maintaining 
a high quality of life is to increase the amount of service provided per unit 
of economic output. But the means to accomplish this through real conser- 
vation and increased community self-reliance, as we have seen, rely heavily 
on goods in the economy of care and connection, which have intrinsically 
low commodity potential. Furthermore, as long as market forces determine 
economic behavior, only that which can be priced, bought and sold matters. 
Free goods and common goods, no matter how important, are considered 
extraneous to the economy. In the logic of commoditization, the natural 
world is merely a storehouse of raw materials for the production of com- 
modities. What's left out is everything that resists commoditization which 
are, as we have seen, processes rather than products. These include ecosys- 
tem processes which produce and clean the air and water and build the soil, 
the planetary metabolism which maintains climate and ocean stability, the 
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biogeochemical cycles of the critical minerals and nutrients of the planet, 
and the processes of evolutionary change and genetic diversity. No matter 
that nothing is producible without it, nowhere will the economy value it as 
long as commoditization underlies the logic and practice of valuation. The 
model of an economy of firms and households abstracted from their envi- 
ronment is an illusion that confuses much more than it informs. 

The problem is not with the discipline of economics nor with economists 
per se. They are doing their job as it is defined for them. The questions 
economists ask are subject to the same selection pressure of commoditization 
as everything else. The questions that survive and that matter in a commod- 
itized economy are those whose answers inform the needs of managing or 
functioning within that economy. The tools of the economist are put to the 
service of the commoditized economy — that's who pays the bill. The tools 
economists have invented answer the questions about the flow and exchange 
of commodities. Only by political means can we assert values other than 
market values and so make it meaningful and rewarding to ask different 
questions of economists, including ecological economists. 

In the logic of the argument of this book, ecosystem services are inher- 
ently services with low commodity potential: they are relational, local, and 
complex — the exact opposite of goods with high commodity potential, 
which are independent, universal, and simple. The economics of forestry 
can be reduced to the culturing, harvesting, processing, allocating, distrib- 
uting, and storing of forest products. The com plex dynamics of fr»r p st eov 
systems and their_role&-in producing clean air and water and providing 
habitat for diverse forest life will only be protected and valued when such 
value is recognized as specifically noneconomic in a commoditized economy 
and is dealt with politically as a question of the common good. 

Ecosystem services must be recognized as public goods that are to be 
protected by institutions with the capacity to protect the commons. This 
requires that governance evolve so as to gain the capacity to regulate the 
economy for specific environmental ends. This will be the fundamental 
principle in the design of policies to counter the effects of commoditization 
discussed in more detail in Chapter 8. 

7.2.2 Energy is the primary natural resource: the principles 
of entropy and conservation 

Implication: That is best which wastes energy least. 
There are many excellent treatments of the implications of the first and 
second laws of thermodynamics for ecological economics. Daly offers the 
following useful summary. The first law suggests that energy cannot be 
created or destroyed, but only changed in form. The second law, also called 
the entropy law, suggests that the ability of energy to do useful economic 
work only decreases. Taken together, we only have so much useful energy 
available to us, and its ability to do work is in constant decline. Therefore, 
it is the availability of useful (low-entropy) energy that marks the 
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fundamental limit of economic production. We currently have two very 
different sources of low entropy energy available to us. A solar source with 
an unlimited stock, but constricted flow, and a terrestrial source (fossil fuels) 
with a limited stock, but unconstricted flow. According to Daly, after relying 
on the solar source for much of human history, we have recently become 
addicted to the terrestrial source, and the economic growth it provides. We 
have switched our dependence from the unlimited to the limited source of 
J low-entropy energy. Inevitably, we will be forced to again live within the 
v >>fA * \ constraint imposed by the daily flow of solar energy bathing our planet. The 
^>A.' sooner we begin to make this transition, the smoother it will go, but it will 
be difficult because it flies in the face of commoditization. 

There are many other excellent treatments of the second law of thermo- 
dynamics and the implications of entropy for ecological economics. 10 Paul 
and Anne Ehrlich and John Holdren summarize the meaning and implica- 
V> tions of the second law in this way: 
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In any transformation of energy, some energy is degraded. 
No process is possible whose sole result is the conversion of a given 
quantity of heat (thermal energy) into an equal amount of useful work. 
No process is possible whose sole result is the flow of heat from a 
colder body to a hotter one. 

The availability of a given quantity of energy can only be used 
once; that is, the property of convertibility into useful work cannot 
be "recycled." 

In spontaneous processes, concentrations (of anything) tend to dis- 
perse, structure tends to disappear, order becomes disorder. 11 






Suffice it to say that the production of goods and services through the 
transformation of raw materials into useful products requires more energy 
than can be embodied in the goods and services, or reused or recycled from 
them. The economy of goods and services necessarily degrades the resources 
that it draws upon. The production of goods is always accompanied by the 
production of "bads." The energy that drives the economy goes in one 
direction only: usable resources become more scarce and waste more abun- 
dant. Most environmental problems are traceable to this fact. 

Energy is only useful to us economically if it can be channeled to do 
work, in other words be applied to matter in such a way as to cause 
physical or chemical change (or to maintain structure in the face of 
entropic change). It takes work to hold things together. Structure, whether 
it is a human body or a chair, requires the application of work. Work must 
be powered by energy. Constrained by the second law of thermodynamics, 
energy can never be totally transformed into work; some must always be 
dissipated as the lowest quality energy, heat. There is, however, consid- 
erable gains that can be made in improving the efficiency in which energy 
is used to produce goods and services, especially in the U.S. Figure 7.2 
shows the slight downward trend in the amount of energy used per U.S. 
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Each approach requires the application of creative problem-solving and 
cooperative efforts, and each is capable of reducing the amount of energy 
used per unit of service, but each has not and could not receive equal amount 
of attention and research and development because of the differences in 
commoditization potential. The advances made in fuel and production effi- 
ciency have far exceeded the advances made in consumption efficiency. 

That the greatest amount of effort has gone into improving fuel qual- 
ity is consistent with the rule of commoditization. High-quality fuels are 
those that are most commercially useful, meaning they exist in concen- 
trated forms, are relatively easy to store and transport, and can be most 
efficient and productive in powering work. In short, the higher the qual- 
ity of a given fuel the more it contributes to overall commodity potential 
in an economy. Technological innovation has been directed toward making 
it possible to obtain and market fuels that pack a greater wallop per 
dollar invested. Thus the history of industrialization has been marked 
by transformations and improvements in fuel quality, starting with bio- 
mass fuels (mostly wood and peat and whale oil), then moving to coal 
once the technologies of mining and earth moving were developed, then 
to oil and gas once the technologies for drilling and refining were devel- 
oped. Centralized electricity generation and distribution made it possi- 
ble to deliver energy where and when it was needed at a considerable 
distance from the fuel combustion site. 

Advances in production and transportation efficiency have led to 
reduced costs of production of commodities, making them increasingly less 
expensive and more developed than noncommodities. Since the invention 
of internal combustion engines, the history of industrial technology can be 
seen as the utilization of ever-increasing amounts of higher-quality fuels, at 
ever-increasing efficiencies to replace and /or supplement human driven 
work. Labor productivity increased more than a 100-fold since the industrial 
revolution by substituting energy for human labor. This substitution greatly 
enhances commoditization, because labor is far les:? commoditizable than 
energy. The labor released from production in a commodirized economy 
must seek out employment in commoditized service industries, which also 
expands commoditization there. Over time fuel replaces workers in these 
industries as well and another round of commoditization ensues. Without 
some counterbalancing decommoditization force that replaces energy with 
human labor and creativity the mobilization of energy and materials must 
continue with all the accompanying environmental and social costs. 

Both fuel efficiency and production efficiency is consistent with the 
imperatives of commoditization and therefore have been subject to con- 
siderable development in modern economies. The third form of energy 
efficiency, consumption efficiency, is antithetical to commoditization and 
in fact might be called decommoditization. The tools and skills of energy 
efficiency at the point of consumption belong in the hands of the final user, 
not the energy producer. This path to efficiency has simply not been tried 
to any great extent. 
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The story of the centralized production and distribution of electricity is 
a good example of how development gets distorted by commoditization. 
The distribution of electricity through the power grid results in considerable 
losses in fuel-to-work efficiency (most plants operate at around 35% effi- 
ciency, meaning they produce two units of waste heat for every one unit of 
electricity produced, and even more is lost in distribution and end use). This 
efficiency is sacrificed for improvements in centralization of power and 
ownership, convenience and portability, qualities characteristically favored 
by commoditization. 

While the commoditization of energy has driven enormous technological 
changes there has been little in the way of comparable advance in the tech- 
nologies of end-user efficiency. Such technologies include building design 
and location for passive solar heating and cooling, small-scale jerry-rigged 
windmills and farm-scale methanol production, small scale neighborhood 
energy storage, as well as many reduced consumption alternatives such as 
neighborhood equipment and tool libraries, energy-efficiency design cooper- 
atives and many others. Such advances require specific technical innovations 
at the point of use. Such technical advances are far less commoditizable 
because they necessarily involve decentralized, site-specific problem-solving. 
The point is not that these three energy paths - fuel efficiency, production 
( efficiency, and end-use efficiency — are mutually exclusive, but that com- 
moditization creates a severe imbalance in allocation of research and devel- 
i opment resources so as to overdevelop certain aspects of energy production 
and use while underdeveloping key technologies that could dramatically 
( reduce the amount of energy used to support a high quality of life 

This imbalance will only grow more important as we approach the limi ts 
to how much energy wastage the planet can tolerate. As readily available 
sources of high-quality fuel become more scarce, the amount of effort and 
energy required to obtain, process, and transport a given quantity of energy 
rises thus threatening the continued advance in net energy productivity and 
increasing the amount of resource depletion and waste per unit of energy 
delivered. Energy in the forms of high-quality fuels capable of powering 
economic activity can only be used once. Every gallon of oil burned is 
permanently lost, while the supply of fossil fuel is 1 gallon diminished. Fossil 
fuel and other highly concentrated forms of energy resources are necessarily 
nonrenewable. As time goes on the highest quality and most easily extracted 
and processed fuels are used first. The cost in energy of producing more 
energy continues to rise. At some point the cost in energy expended is equa 
to or greater than the amount of usable energy obtained, at which pom t 
improvements in technology, or new sources or new fuels are needed to 
increase the energy return on investment or else economic advance must 
begin to slow and eventually stop. Other resources can also be evaluated for 
quality in terms of the amount of energy needed to transform the resource 
into an economically useful form. All of these analyses emphasize the abso- 
lutely critical role of energy availability and quality in all aspects ot the 
human economy. 
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